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Relevance: Simaba ferruginea A. St-Hil. (Simaroubaceae) is a subshrub typical of the Brazilian Cerrado,
whose rhizomes are popularly used as infusion or decoction for the treatment of gastric ulcers, diarrhea
and fever.
Aim of the study: To evaluate the pharmacological mechanism(s) of action of the antiulcer effects of the
methanol extract of Simaba ferruginea and its alkaloid canthin-6-one.
Materials and methods: Rhizome of Simaba ferruginea was macerated with methanol to obtain the
methanol extract (MESf) fromwhichwasobtained, the chloroformfraction. Canthin-6-onealkaloid (Cant)
was puriﬁed and then isolated from the chloroform fraction (CFSf). The isolated Cant was identiﬁed by
HPLC. Anti-ulcer assays were determined using ethanol and indomethacin-induced ulcer models in mice
and rats respectively. In order to determine the probable mechanisms of actions of MESf and Cant ani-
mals were pretreated with l-NAME prior to anti-ulcer agent treatments and ulcer induction and nitric
oxide (NO) level determined in order to assess NO involvement in the gastroprotective effects. Assays
of malondialdehyde (MDA), myeloperoxidase (MPO), pro-inﬂammatory cytokines: interleukin 8 (IL-8)
and tumor necrosis factor-alpha (TNF-) and prostaglandin E2 (PGE2) were also carried out according to
previously described methods.
Results: The results indicate that the antiulcerogenic effects of MESf and Cant in ethanol-induced ulcer is
mediated in part through increase in the production of protective endogenous NO as the antiulcerogenic
activity of MESf and Cant was reduced in animals pre-treated with l-NAME. In indomethacin-induced
ulcer pre-treatment with MESf and Cant showed reduction in the levels of MPO and MDA in the gastric
tissue, thus indicating the participation of the antioxidant mechanisms on the gastroprotective effects.
The plasma levels of IL-8 in ulcerated ratswith indomethacinwere also reduced by Cant, but not byMESf,
indicating that inhibitionof this cytokine contributes to the gastroprotective effect ofCant. HoweverMESf
and Cant had no effect on the mucosal membrane levels of PGE2, indicating that the gastroprotective
effects of these agents is independent of PGE2 modulation.
Conclusion: The results obtained in this study with MESf and Cant added insights into the pharmaco-
logical mechanisms involved in their mode of antiulcer action. The results indicate that Cant is one of
the compounds responsible for these effects. Such ﬁndings are of extreme importance in the strive for
future development of potent, safer and effective antiulcer agent. The efﬁcacy of MESf and Cant in gas-
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1. Introduction
Peptic ulcer is a chronic disease of multifactorial aetiology. It is
the most prevalent disease among the gastrointestinal tract dis-
Open access under the Elsevier OA license.eases in most part of the world. It is one of the most common
chronic illnesses amongworking-age adults. InUSA, approximately
4 million individuals have peptic ulcers, while each year about
350,000 new cases are diagnosed; about 100,000 patients are hos-
pitalized and at least about 3000people die as a result of the disease
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CrawfordandWhite, 2002). InBrazil, theprevalenceof peptic ulcer
s not known, but duodenal ulcer prevalence between the period of
996 and 2005 was estimated to be 3.3% (Saul et al., 2007).
The pathophysiology of the gastric ulcer has not been com-
letely elucidated, but it is known that an imbalance between
ggressive factors (acid and pepsin secretion) and cytoprotective
actors of the gastric mucous membrane (mucus and bicarbon-
te secretion) result in gastric ulceration (Ramakrishnan and
alinas, 2007). It is also known that several endogenous factors
re involved in the pathophysiology of the gastroprotection which
ncludes prostaglandin E2 (PGE2), somatostatin, nitric oxide (NO)
nd sulfhydryl compounds (Tsukimi et al., 2001).
The aetiology of gastric ulcer involves environmental factors
uch as alcoholic beverages and non-steroidal anti-inﬂammatory
rugs (NSAIDs) use, Helicobacter pylori, genetic factors, among oth-
rs (Konturek et al., 2005).
Alcohol is known as a necrotizing substance and its excessive
ngestion may result in gastritis, characterized by mucous mem-
rane edema, sub epithelial haemorrhages, cell exfoliation and
nﬂammatory cells inﬁltration (Guslandi, 1987). Thus, gastroin-
estinal tract diseases related to excessive alcohol use play an
mportant role in the clinical gastroenterology.
Many chemical compounds have been isolated from medici-
al plants with antiulcer activity (Lewis and Hanson, 1991). This
s an important reason to study the antiulcerogenic effects of
lants traditionally used in popular medicine for the treatment
f gastric diseases. Among the main classes of chemical bioactive
omponents capable of offering gastroprotection are the alkaloids,
aponins, xanthones, triterpenes and tannins (Ramirez and Roa,
003; Baggio et al., 2005; Morikawa et al., 2006; Klein et al., 2010;
asconcelos et al., 2010).
Simaba ferruginea A. St-Hil. (Simaroubaceae), popularly known
s “calunga” or “féo da terra” is a native plant from Central Brazil
errado and whose rhizomes are use in folk medicine to treat gas-
ric ulcers, fever, diarrhea, rheumatism, pain and other diseases
Lorenzi and Matos, 2002). Previous preliminary pharmacological
tudies carried out by our group with the methanol extract and the
wo main alkaloids (canthin-6-one and 4-methoxy-6-canthinone)
f the fractions from the rhizome of Simaba ferruginea demon-
trated antiulcerogenic effects and peripheral analgesic activity
Noldin et al., 2005). The present work aimed to evaluate the prob-
ble mechanism(s) of action of MESf and Cant using ethanol and
ndomethacin ulcer models in experimental animals.
. Material and methods
.1. Plant material
Simaba ferruginea was collected in July 2008, at Pedra 90 neigh-
orhood, Cuiabá, Mato Grosso State, GPS coordinates E 0614500
nd N 8271574. The plant was identiﬁed and authenticated by the
urator at Herbarium of Federal University of Mato Grosso (UFMT)
nd a voucher specimen was deposited with number 21,883.
pproval for the collection of the plant specimen was obtained
rom the relevant authority concerned in Brazil before collection
as done.
.2. Preparation of the methanol extract of Simaba ferruginea
The rhizomes of Simaba ferruginea were cleaned, cut in small
ieces and dried at room temperature, and ground in an electric
ill (model TE-625TECNAL, Piracicaba, SP). Thepowderedmaterial
as sieved with mesh of size no. 40 and a ﬁne brown-yellowish
owder was obtained. 200g of the dried sieved rhizome was then
acerated (1:2 (w/v)) inmethanol for 7 days, at room temperature.
he extract was ﬁltered and the solvent removed under reducedopharmacology 134 (2011) 630–636 631
pressure in a rotary evaporator (model 801-Fisatom, Sao Paulo, SP),
to obtain the methanol extract of the rhizome of Simaba ferruginea
(MESf).
2.3. Isolation of the alkaloid canthin-6-one
5g of MESf was partitioned successively in chloroform
(3×250mL). The solvent was removed in rotary evaporator to
yield chloroform fraction (CFSf). 1 g of CFSf obtained was then
chromatographed in a column chromatography with silica gel 60
F284andcolumnelutionwasperformedwithhexane–ethyl acetate
gradient. The eluateswere collected in 20–30mL ﬂasks. After evap-
oration of the solvent, the fractions having similar proﬁles were
then pooled together after performing TLC tests. Three subfractions
were obtained. The subfractions were then rechromatographed as
done previously. These yielded pure canthin-6-one, Cant, which
was identiﬁed on the basis of spectral data and direct comparison
with a pure Cant sample.
2.4. Animals
Male Wistar rats (150–200g) and male Swiss-Webster mice
(25–35g) were obtained from the Central Animal House of UFMT.
The animals were maintained in proper conditions, temperature of
25±1 ◦C, and 12h light/dark cycles. They were maintained on bal-
anced laboratory Purina® diet (Labina, Goiás, Brazil) and water ad
libitum. The experimental protocolswere approvedby theCommit-
tee for Ethics on Animal Experimentation of UFMT, in accordance
with the Federal Government Legislation on Animal Care.
2.5. Gastroprotective studies
All animalswere fasted for 18h in all studies and had free access
to water up to 1h before the commencement of each study. Gastric
ulceration was induced using ethanol and indomethacin. In both
ulcermodels, ﬁve groups of 7–10 animalswere used. All treatments
were by oral route.
2.5.1. Ethanol-induced gastric ulcer (EtOH-ulcer)
The antiulcerogenic activity of MESf and Cant was evaluated
following reported model of ethanol-induced gastric ulcer in mice
by Robert et al. (1979) with few modiﬁcations. The fasted animals
were administered (p.o.) with vehicle (Tween 80, 2% in distilled
water), MESf (20 and 100mg/kg), Cant (20mg/kg) and 100mg/kg
of carbenoxolone (CBX). One hour after the treatment, the ani-
mals received, orally by gavage, 75% ethanol (1mL/100g) and after
30min they were sacriﬁced by cervical dislocation, the stomachs
were removed, opened along the greater curvature, washed with
cold saline solution anddistendedbetween twoglass plates for bet-
ter visualization. The ulcerated area was drawn on transparency
paper and expressed in terms of percentage of total area of the gas-
tric body (mm2), using Image J (Java image processing and analysis
software).
2.5.2. Indomethacin-induced gastric ulcer (IND-ulcer)
For the induction of the gastric lesions by indomethacin the
Djahanguri (1969) method was used. All fasted rats were orally
treated with vehicle (Tween 80, 2%), MESf (20 and 50mg/kg), Cant
(20mg/kg) and CBX (100mg/kg), in a volume of 1mL/100g. One
hour after the treatment 50mg/kg of indomethacin (dissolved in 2%
sodiumbicarbonate)was administeredorally. After 4h, the animals
were sacriﬁced by cervical dislocation, the stomachswere removed
and 1mL of 5% formol solution was injected for demarcation of
the gastric lessions. After 15min, the stomachs were open along
the greater curvature, the gastric content was discarded and the
mucous membrane was delicately washed with 0.9% cold saline.
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or determination of the ulcer index, scores were attributed as
escribed byGamberini et al. (1991) as follows: loss of normalmor-
hology (1point),mucosal discolouration (1point),mucosal edema
1 point), hemorrhage (1 point), up to 9 petechiae (2 points), more
han 10 petechiae (3 points), ulcer up to 1mm (number of ulcer×2
oints), ulcers more than 1mm (numbers of ulcer×3 points) and
erforated ulcers (numbers of ulcer×4 points).
.6. Determination of mechanisms of action of gastroprotection
In order to determine the probable mechanism(s) of action(s) of
ESf and Cant, the stomach tissues were used for both NO, MPO
nd MDA studies. Brieﬂy, the tissue was scrapped, weighed and
omogenised in cold phosphate buffer (PBS) pH 7.4. The resulting
ixture was centrifuged at 10,000 g for 10min. The homogenate
btained was used in the different assays.
.6.1. Ethanol-induced ulcer in mice pretreated with l-NAME
Tostudy the roleofNO in thegastroprotectiveeffectsofMESfand
ant against EtOH-ulcer, Matsuda et al. (1999) method was used
ith few modiﬁcations, the mice were treated with an inhibitor
f NOS, N-nitro-l-arginine methyl ester hydrochloride (l-NAME)
70mg/kg, ip) or with l-arginine (200mg/kg, ip). After 30min, the
nimals received the vehicle by gavage (Tween 80, 2%), MESf and
ant (20mg/kg) and CBX (100mg/kg). Thirty minutes later, gas-
ric damage was induced by intragastric instillation of 75% ethanol
10mL/kg, by gavage). The control group received only vehicle. In
ther groups of mice, l-arginine or l-NAME alone was also injected
ollowed by saline injections before absolute ethanol adminis-
ration. Thirty minutes later, gastric damage was determined as
escribed in Section 2.5.1.
.6.2. Determination of antioxidant activity
In order to evaluate in vivo antioxidant activity ofMESf andCant,
PO activity and MDA levels were measured.
.6.2.1. Determination of MPO in the gastric mucosal tissue. In order
o evaluate MPO activity in the gastric tissue, gastric ulcer was
nduced by indomethacin and MPO activity was determined fol-
owing the method of Krawisz et al. (1984). Brieﬂy, 10L of the
omogenate was added to 290L of PBS containing 0.167g/L of O-
-dianasidinedihydrochloride and 0.005% hydrogen peroxide. The
olution was incubated at 37 ◦C for 10min. Absorbance was mea-
ured in a spectrophotometer at 460nm. The enzyme activity was
alculated and the results were expressed as U/g tissue.
.6.2.2. Determination of MDA in the gastric mucosal tissue. In order
o evaluate MESf and Cant ability to protect against lipid peroxi-
ation, gastric ulcer was induced by indomethacin. Thiobarbituric
cid reactive substances (indicators of lipid peroxidation) in the
astric tissue were measured according to the method of Ohkawa
t al. (1979). Brieﬂy, the gastric tissue of the animals were excised,
insed,weighedandhomogenized in10mLofKCl (0.15M) solution.
.5mLof thehomogenatewasadded toa solutioncontaining1.5mL
cetic acid (20% (w/v)), 2.0mL of 20% sodiumdodecyl sulphate, SDS
pH3.5, adjustedwithNaOH). Themixturewas incubated inawater
ath at 95 ◦C for 1h.Uponcooling, 5mLof themixturewasvortexed
or 1min and centrifuged at 2600 g for 10min. The absorbance of
he supernatantwas determined in a spectrophotometer at 532nm
nd the values of MDA in the gastric tissue are expressed inmol/g
issue..6.3. Determination of PGE2 level
In order to evaluate the involvement of endogenous PGE2, gas-
ric ulcer was induced by indomethacin. The homogenate obtained
rom the gastric tissue was stored in biofreezer at −80 ◦C and theopharmacology 134 (2011) 630–636
levels of PGE2 of the gastric tissue were determined using ELISA kit
(Stressgen®, USA) following the manufacturer’s instructions.
2.6.4. Levels of IL-8 and TNF-˛
In order to evaluate MESf and Cant inﬂuence on the level
of IL-8 and TNF- in IND-ulcer model, rats were pre-treated
with vehicle (1mL/100g), MESf (20mg/kg), Cant (20mg/kg) and
CBX (100mg/kg) and gastric ulcer was induced as described in
Section 2.5.2. After 4h of ulcer induction, the animals were anes-
thetized with sodium thiopental (50mg/kg, ip) and chloral hydrate
(300mg/kg, ip). Blood was collected through the inferior vena cava
into EDTA tubes, centrifuged at 3500 rpm for 10min at 4 ◦C and the
plasma obtained was stored in a biofreezer at −80 ◦C until needed.
Highly haemolysed samples were discarded. The plasma levels of
IL-8 and TNF-were determined using ELISA kit (eBioscience, USA
and ImmunoBiological Laboratories-IBL, Japan) following theman-
ufacturers’ instructions.
3. Statistical analysis
The results of the parametric tests were expressed in
terms of mean± standard error of mean (X ± SEM). One way
ANOVA was used for comparisons of means followed by
Student–Newman–Keuls test. The non parametric data were
expressed in terms of medians (Q1, Q3), in which Q1 and Q3 refer to
1st and 3rd quartiles respectively. For comparison of the medians,
the test of Kruskal–Wallis was carried out followed by Dunn’s test.
The conﬁdence level (p<0.05) was used. GraphPad InStat® version
2.01 was used for data analysis.
4. Results
4.1. Isolation puriﬁcation and characterisation of alkaloid
canthin-6-one
The percentage yield ofMESf frompowdered plantmaterialwas
9.38% (18.76g). 5 g of MESf yielded 1g of CFSf (20% (w/w)). And
1g of CFSf yielded 87mg of canthin-6-one, Cant (8.7% in relation
to CFSf). Therefore 87mg of Cant was obtained from 5g of MESf
(yield was 1.74%). Using the column chromatography method with
silica gel 60 F284 as the adsorbent, the canthinonic alkaloid was
isolated, puriﬁed and identiﬁed as Cant. Conﬁrmatory analysis was
carried out through HPLC, in comparison with a pure sample which
conﬁrmed the chemical structure.
4.2. Gastroprotective studies
4.2.1. Gastroprotection against EtOH-ulcer
Oral administration of 75% ethanol produced mucosal lesions in
themice. The gastricmucosal lesions produced in the vehicle group
were extensive. In the animals pre-treated with 20 and 100mg/kg
of MESf the ulcerated area was signiﬁcantly reduced (p<0.001) in
a dose dependent manner. Percentage inhibition was 61% and 87%
respectively. 20mg/kg of Cant produced 80% (p<0.001) inhibition
of the gastric injury. Likewise the standard drug CBX signiﬁcantly
(p<0.001) inhibited the gastric injury by 71% (Fig. 1).
4.2.2. Gastroprotection against IND-ulcer
Oral administration of indomethacin (50mg/kg) produces gas-
tric mucosal ulceration in the rats (Fig. 2). As depicted in Fig. 3,
pre-treatment with 20 and 50mg/kg of MESf inhibited the ulcer
formation with percentage inhibition of 84% and 47% respec-
tively. However, the inhibition was signiﬁcant only at 20mg/kg
(p<0.001) dose. Cant (20mg/kg) produced signiﬁcant inhibition
(81%, p<0.001) of the gastric lesions. With 100mg/kg of CBX sig-
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Fig. 1. Effect of orogastric administration of vehicle (Tween 80, 2%), methanol
extract of Simaba ferruginea (MESf – 20 and 100mg/kg), canthin-6-one (Cant –
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Fig. 3. Effect of orogastric administration of vehicle, methanol extract of Simaba fer-
ruginea (MESf – 20mg/kg), canthin-6-one (Cant – 20mg/kg, p.o.) and carbenoxolone
(CBX – 100mg/kg p.o.), on the gastric lesions induced by indomethacin (50mg/kg
F
(
(0mg/kg) and carbenoloxone (CBX – 100mg/kg p.o.), on ethanol-induced ulcer
0.1mL/10g) in male mice. The ulcerative area (%) was expressed as mean± SEM
or 8–10 animals. One-way ANOVA was used followed by Student–Newman–Keuls
est, *** p<0.001 vs. vehicle.
iﬁcant inhibition (75%, p<0.01) of gastric ulceration was also
bserved.
.3. Mechanisms of action of gastroprotective activities
.3.1. Ethanol induced ulcer in animals pre-treated with l-NAME
In order to investigate the role of endogenous NO in the gas-
roprotection observed, l-NAME was administered 30min prior to
lcer induction by ethanol (Fig. 4). Gastric lesions were produced
n vehicle group of animals.
In the ﬁrst part of this experiment with pre-treatment with
aline prior to ethanol-induction, MESf (20mg/kg) and CBX
100mg/kg) inhibited the gastric ulceration by 37.9% and 38.74%
espectively, but these values were not signiﬁcant compared to
ig. 2. Photographs showing indomethacin induced gastric ulceration in rat’s stoma
A), methanol extract of Simaba ferruginea (20 and 100mg/kg) + indomethacin (
100mg/kg) + indomethacin (E).p.o.) for 4h in rats. Each point represents the median of ulcerative index of 8–10
animals. The vertical lines represent the quartiles (1st and 3rd). Kruskal–Wallis test
followed by Dunn’s test. ** p<0.01 and *** p<0.001 vs. vehicle.
the vehicle control. Cant (20mg/kg) on the other hand signiﬁcantly
inhibited (49.13%, p<0.05) the gastric ulceration while l-arginine
(200mg/kg, ip) had no signiﬁcant alterations in the ulcer induced
by ethanol.
In the second part of the experiment, pre-treatment with l-
NAME (70mg/kg) prior to ethanol treatment exacerbated the
gastric ulceration by ethanol signiﬁcantly by 141% (p<0.001)
as compared to the vehicle control. l-NAME pre-treatment
also worsened signiﬁcantly the gastric ulcer in all the treated
groups increasing the ulceration about 111.61% (p<0.01), 225.70%
(p<0.001) and 116.92% (p<0.05) for MESf, Cant and CBX respec-
tively. Treatment with 200mg/kg of l-arginine signiﬁcantly
(p<0.001) reverted completely the deleterious effect of l-NAME
on the gastric mucosa.
ch subjected to the following treatments: vehicle +50mg/kg of indomethacin
B and C), canthin-6-one (20mg/kg) + indomethacin (D) and carbenoxolone
634 E.S. de Souza Almeida et al. / Journal of Ethnopharmacology 134 (2011) 630–636
Fig. 4. Effect of orogastric administration of vehicle, methanol extract of Simaba ferruginea (MESf – 20mg/kg), canthin-6-one (Cant – 20mg/kg), carbenoxolone (CBX –
100mg/kg) and l-arginine (l-arg – 200mg/kg, ip) on gastric lesions induced by 75% ethanol in mice pre-treated with 0.9% saline ip and/or l-NAME (70mg/kg, ip). Each
column represents mean± SEM of 7–9 mice. One-way ANOVA followed by Student–Newman–Keuls. * p<0.05 and *** p<0.001 vs. vehicle; † p<0.05, †† p<0.01 and †††
p<0.001 without l-NAME treatment vs. l-NAME treatment and §§§ p<0.001 l-arg with l-NAME vs. l-NAME.
Fig. 5. Effect of orogastric administration of vehicle, methanol extract of Simaba
ferruginea (MESf – 20 and 50mg/kg), canthin-6-one (Cant – 20mg/kg) and car-
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Fig. 6. Effect of orogastric administration of vehicle, methanol extract of Simaba
4.6. Determination of IL-8 and TNF-˛ level in the blood plasma
Fig. 7 shows the observed effects of MESf, Cant and CBX on the
plasma levels of IL-8 in the rats with IND-ulcer.enoxolone (CBX–100mg/kg) on the levels ofmyeloperoxidase (MPO) in the gastric
esions induced by indomethacin (50mg/kg, p.o.) in rats. Each column represents
ean± SEMof 7–9animals. One-wayANOVA followedbyStudent–Newman–Keuls.
** p<0.001 vs. vehicle.
.4. Determination of antioxidant activity
.4.1. MPO levels
The level of MPO after indomethacin treatment in the gastric
issue vehicle group is depicted in Fig. 5. Pre-treatment of the
ats with both MESf (50mg/kg) and Cant (20mg/kg) signiﬁcantly
aused about 33% reduction (p<0.001) in the elevated MPO levels.
owever MESf at 20mg/kg (3.82%) and 100mg/kg of CBX (10.04%)
reatments had no signiﬁcant reduction on the elevatedMPO levels
s compared to vehicle control group.
.4.2. MDA levels
The levels of MDA in animals pre-treated with MESf, Cant and
BX after the ulcer induction by indomethacin can be seen in Fig. 6.
The treatment of the rats with 20 and 50mg/kg of MESf caused
ntense reductionsof 59.75%and80.08% respectively in the levels of
DA (p<0.001) as compared to the control group. Cant (20mg/kg)
lso signiﬁcantly (p<0.01) reduced the MDA levels by 34.55%. The
tandard drug CBX (100mg/kg) produced a signiﬁcant reduction
67.60%) in the level of MDA (p<0.001)..5. Determination of PGE2 level
The level of PGE2 indomethacin (50mg/kg) treated vehicle
roup was 8.9±1.4ng/g of tissue. The level PGE2 of groupsferruginea (MESf – 20 and 50mg/kg), canthin-6-one (Cant – 20mg/kg) and car-
benoxolone (CBX – 100mg/kg) on the levels of malondialdehyde (MDA) in the
gastric lesions induced by indomethacin (50mg/kg, p.o.). Each column represents
mean± SEMof 7–8animals. One-wayANOVA followedbyStudent–Newman–Keuls.
** p<0.01 and *** p<0.001 vs. vehicle.
that received MESf (20 and 50mg/kg), Cant (20mg/kg) and
CBX (100mg/kg) respectively was 6.9±0.6, 6±0.2, 7.0±0.7, and
7.4±0.7ng/g of tissue. These mild reductions in the levels of PGE2
were not signiﬁcant as compared to the vehicle control.Fig. 7. Effect of orogastric administration of vehicle, methanol extract of Simaba
ferruginea (MESf – 20mg/kg), canthin-6-one (Cant – 20mg/kg) and carbenoxolone
(CBX – 100mg/kg) on plasma levels of interleukin 8 (IL-8) in the gastric lesions
induced by indomethacin (50mg/kg, p.o.). Each column represents mean± SEM of
7–8 animals. One-way ANOVA followed by Student–Newman–Keuls. * p<0.05 vs.
vehicle.
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Pre-treatment with MESf (20mg/kg) reduced the IL-8 by 18.74%
ut the reduction was not statistically signiﬁcant as compared to
hecontrol group.On thecontrary, 20mg/kgofCant causeda signif-
cant reduction on the IL-8 level by 63.91% (p<0.05), as compared
o the control group. This result of Cant is similar to that observed
n the group treated with the standard drug CBX (100mg/kg) with
4.69% (p<0.05) inhibition.
In this model, TNF- level could not be measured because the
evels were below detection limits.
. Discussion
Several canthinones have been reported from Simaroubaceae
lants such as Quassia amara, Simaba multiﬂora, Simaba polyhpylla
nd Eurycoma longiﬂora (Falcão et al., 2008). Several biologi-
al activities are associated with plants alkaloids among which
re antiulcer, antitumor, diuretic, antihypertensive, and anti-
nﬂammatory (Falcão et al., 2008).
The functional integrity of gastric mucosa depends on equilib-
ium between the aggressive and the protective factors. Thus the
uccess of the pharmacological treatment in the stomach is depen-
ent not only upon inhibition of the acid secretion, but also on the
ncrease in the protective factors in the gastric mucosa (Dajani and
lamut, 2000).
EtOH-ulcer is a classic ulcer model frequently used for the
valuation antiulcerogenic activity of drugs. EtOH-ulcer is associ-
ted with production of ROS which culminates in the reduction of
ucosal NP-SH level (López et al., 1996). EtOH-ulcer is also known
o reduce effectively endogenous derived NO level in the gastric
ucosa (Masuda et al., 1995). NO is considered to be one of the
ost important defensive endogenous agents in the gastricmucosa
Brzozowski et al., 2006). It is synthesized by the enzyme nitric
xide synthase (NOS) from l-arginine (Takahashi et al., 1998).
Pre-treatment of the animalswith l-NAME (NOS inhibitor) abol-
shed the gastroprotective effects conferred by MESf and Cant
gainst ethanol induced damage. These ﬁndings indicate NO par-
icipation in the gastroprotection exhibited by MESf and Cant. This
s an indication that Cant is responsible, at least in part for the
ntiulcer effect observed in the MESf. This is in consonance with
everal reports that demonstrated antiulcerogenic effect of several
lkaloids as reviewed by Falcão et al. (2008).
Although NSAIDs are still the major drugs of choice in the
reatment of inﬂammatory diseases such as rheumatoid arthritis,
ts aggressive properties on the gastrointestinal tract is the main
mpediment in its clinical use (Ávila et al., 1996). Inhibition of PG
ynthesis is the principal ulcerogenic mechanism of the NSAIDs
Guth, 1992). NSAIDs also involve generation of reactive oxygen
pecieswhich initiates lipidperoxidation, leukocyte inﬁltrationand
poptosis induction (Bech et al., 2000).
In order to elicit the mechanism of gastroprotection of MESf and
ant against IND-ulcer, the gastricmucosal level of PGE2 wasdeter-
ined in the experimental rats. MESf, Cant and carbenoxolone had
o signiﬁcant effect on the altered levels of PGE2 by IND. This sug-
ests that, the antiulcerogenic effect of both MESf and Cant are not
GE2 modulated. This ﬁnding is similar to that of Gambero et al.
2007), who observed that the ulcerogenic activity of NSAIDs can
e attenuated in the stomach without the involvement of PGE2.
ROS mediated lipid peroxidation is one of the principal causes
f gastrointestinal lesions induced by indomethacin (Naito et al.,
998). The free radicals, in particular hydroxyl radical, begin the
eroxidation of cell membrane, causing the liberation of arachi-
onic acid and peroxyl lipid free radical (Eda et al., 1989). The
eroxyl radical promotes additional lipid peroxidation, removing
ydrogen from fatty acid and originating a chain reaction in which
he ﬁnal product is the MDA (Ribeiro and Yoshida, 2005). Theseopharmacology 134 (2011) 630–636 635
series of events eventually lead to increase in the activity of MPO.
MPO is an important enzyme of the neutrophils. Neutrophils are
themajor inﬂammatory cells that inﬁltered the injuredmucosa fol-
lowing indomethacin exposure (Pozzoli et al., 2007). It is the key
enzyme for the formation of hypochlorous acid (HOCl) from H2O2
in the presence of chloride ions. The increase in the activity of this
enzyme indicates increased neutrophil inﬁltration and generation
of free radicals (Pozzoli et al., 2007; Sivalingam et al., 2008).
To evaluate the possible antioxidant action of MESf and Cant in
the rats’ gastric tissue damaged by indomethacin, parameters of
oxidative stress such as MPO (indicator of pro-oxidative enzyme)
and MDA (lipid peroxidation) were determined. MESf and Cant
pre-treatment in the animals with IND-ulcer signiﬁcantly reduced
the levels of MDA, suggesting the ability of these preparations in
preventing the formation of ROS and subsequently the lipid perox-
idation of the gastric mucosa.
Also,MESf and Cant reduce theMPO levels, thus exhibiting their
gastroprotective effect on the gastric mucosa against the excess of
oxygen radicals generated by the neutrophils. These data indicate
that the antioxidant effect of these preparations contribute to the
antiulcer effect observed. MDA which is the end product of lipid
peroxidationwasalsoelevateddue to indomethacin.MESfandCant
effectively inhibited the increase in MDA level.
Reduction in intrinsic production of PGs in the gastric mucosa
and the increase production of pro-inﬂammatory cytokines (such
as IL-8, IL-1 and TNF-) in the gastric and plasma, the production
of ROS, lipid peroxidation and neutrophil inﬁltration are intimately
associated with the gastric mucosal damage induced by NSAIDs
(Kyoi et al., 2004; Akhiani, 2005). TNF- seems to be one of the key
factors for several forms of mucosal gastric lesions including those
associated with NSAIDs (Martin and Wallace, 2006). The plasma
levels of TNF- have been observed to increase markedly after
administration of NSAIDs. Thus, inhibition of TNF- synthesis may
result in the reduction of deleterious effects of these ulcerogenic
agents (Martin and Wallace, 2006).
Cant administration reduced signiﬁcantly the plasma levels of
IL-8, whereas MESf had no effect, suggesting that reduction of IL-8
pro-inﬂammatory cytokine by Cant contributes to its gastropro-
tective effect. This result also suggests that this effect is mediated
mainly by Cant. The fact that MESf had no signiﬁcant effect on the
increased level of the pro-inﬂammatory cytokine IL-8 can best be
explained based on the fact that the concentration of Cant in MESf
is quite very low.
However, we were not able to evaluate the gastroprotective
effect of MESf and Cant on the TNF- level because the level of
this cytokine in this IND-ulcer assay was below detectable level.
6. Conclusions
The results obtained in this study with MESf and Cant added
insights into the pharmacological mechanisms involved in their
mode of antiulcer action. These results taken together demon-
strated that MESf and Cant increases the protective factors as well
as mitigate against the aggressive factors. And that these com-
pounds act at different levels to bring about the gastroprotective
effects observed in the present study. The plant is thus a promising
source of antiulcerogenic drug besides indication that Cant is one
of the compounds responsible for these effects. Such ﬁndings are of
extreme importance in the strive for future development of potent,
safer and effective antiulcer agent.Acknowledgments
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